Abstract The Alzheimer's Disease Neuroimaging Initiative (ADNI) is a large multi-center study designed to develop optimized methods for acquiring longitudinal neuroimaging, cognitive, and biomarker measures of AD progression in a large cohort of patients with Alzheimer's disease (AD), patients with Mild Cognitive Impairment, and healthy controls.
Introduction
Alzheimer's disease (AD) affects approximately 2.5 million people in the United States and is the sixth leading cause of death (Brookmeyer et al. 2011) . Given the detrimental public health implications of AD, identification of neuropsychological markers of early decline are of tremendous benefit since cognitive changes are common in the preclinical stages or those with Mild Cognitive Impairment (MCI). Impairment in episodic memory is a hallmark characteristic of AD, and thus memory functions have received most of the attention (Desgranges et al. 1996; Gallagher and Koh 2011; Grossman et al. 2003; MacDonald et al. 2001; Nestor et al. 2006; Spaan et al. 2003) . Generally, older adults with MCI have worse cognitive function than what is typically observed in healthy aging, and the greatest levels of impairment occur in AD. Subsequently, those with AD typically perform more poorly on tests of memory, other domains such as language, executive function, and visuospatial ability are eventually affected as part of disease progression (Albert 2008; DeCarli et al. 2004; Pike and Savage 2008; Ready et al. 2004; Petersen et al. 2000; Stern et al. 1999; Welsh et al. 1991 ). These cognitive changes subsequently result in progressive functional decline and an eventual diagnosis of dementia .
Neuropsychological tests quantify cognition in terms of achieved scores; however it is unknown if there are qualitative differences in performance that can emerge across the spectrum of cognitive aging (Siedlecki et al. 2008) . Cognitive scores may represent something different in those with MCI and AD. For example, in young children mathematical ability in first grade is measured by addition or subtraction problems, but by older adulthood or even high school such abilities are so ingrained, that more complicated tests such as serial 7's are used as measures of concentration and attention (Binet 1905) . One way to address the issue of qualitative differences in the meaning of tests over time or level of cognitive impairment is through the use of confirmatory factor analysis (CFA). CFA quantifies unobserved, or latent, constructs that describe the common variability among sets of indicators, or cognitive tests, and allows tests from a neuropsychological battery to be summarized into cognitive domains (Reise et al. 1993; Widaman et al. 2010) . In turn, measurement invariance is used to test the factors generated by the CFA to determine if the correlations among neuropsychological tests (e.g. list-learning and recognition) vary across different groups (e.g. MCI versus AD), and whether there are qualitative differences in a construct (e.g., memory) across group (Siedlecki et al. 2008) . Measurement invariance analyses using CFA can provide information about the construct validity of a neuropsychological battery across subgroups of older adults with varying levels of cognitive ability (Mungas et al. 2011) .
CFA has been used to test measurement invariance of neuropsychological batteries (Dowling et al. 2010; Hayden et al. 2011; Tuokko et al. 2009 ) to characterize how well these compilations of tests measure cognition in older adults with and without cognitive impairment. For example, Hayden and colleagues (2011) conducted a factor analysis of the National Alzheimer's Coordinating Centers' Neuropsychological Battery to assess invariance over time and between groups of a large sample of older adults who were cognitively normal or diagnosed with varying levels of dementia including AD. They identified four factors representing attention, executive, memory, and language. The factors were stable across the different diagnostic groups, suggesting that variability in cognitive performance across these groups represents underlying neurodegenerative process rather than a fundamental change in the meaning of the tests. Similarly, Siedlecki et al. (2008) used CFA to establish that memory, the predominant cognitive impairment in AD, may actually represent something different in those with MCI or dementia as compared to those who are cognitively normal. However, cognitive performance can be affected by issues unrelated to neurodegneration such as language and level of education. As such, it is unclear if neuropsychological tests can measure cognition accurately in older adults from different ethnic groups. To address this issue, researchers have used CFA to test five factors from the Spanish English Neuropsychological Scales (SENAS) (i.e. episodic memory, semantic memory, spatial ability, attention, and fluency) in a sample of ethnically and culturally diverse older adults with varying levels of education and linguistic backgrounds. They found that these measures were invariant across groups of monolingual and bilingual Hispanics, African Americans, and Caucasians (Mungas et al. 2011) . These findings demonstrate that using CFA to test measurement invariance can identify differences in constructs between different diagnostic groups, and it also has cross-cultural applicability.
The Alzheimer's Disease Neuroimaging Initiative (ADNI) is a multi-site longitudinal study designed to identify biological and clinical markers of AD (Mueller et al. 2005) . The neuropsychological battery used in ADNI is comprehensive and includes measures of memory, executive function, attention, visuospatial ability, and language. Many studies in ADNI use summary scores from brief global cognitive screening measures (e.g., Mini Mental State Examination, Alzheimer's Disease Assessment ScaleCognitive Subscale) (Evans et al. 2010; Leow et al. 2009 ), rather than the more comprehensive tests that are collected as part of the battery. However, these scales have limited sensitivity in high functioning and well-educated groups, and the summary scores from these measures do not capture varying levels of change that can occur across different cognitive domains (Crane et al. 2008; Landau et al. 2011; Leow et al. 2009 ). There are multiple neuropsychological variables available from each test in the ADNI Neuropsychological Battery and despite the large volume of studies using ADNI data, the underlying factor structure of this battery has not been investigated. As such, there is no systematic way to take advantage of its resources without possibly increasing the probability of committing a Type I error. If the factor structure differs as the disease progresses, this may indicate alterations in underlying neural systems that affect multiple cognitive domains (Hayden et al. 2011) . Applying a CFA to the ADNI Neuropsychological Test battery and testing invariance over a range of cognitive function can consolidate the number of variables into composites that represent distinct cognitive domains. Sensitivity of the test scores to detect cognitive change would also increase over the entire course of the disease, from preclinical to clinical, and among normal older adults with different demographic backgrounds (Mungas et al. 2011) .
Although using a CFA to test measurement invariance has been done in numerous samples of older adults, many studies use groups that are pre-defined by their cognitive test scores. This approach may be biased if the test scores used to define the groups also serve as an outcome measure. Neuropsychological test performance was a key feature of assigning participants into diagnostic groups in ADNI. The present study divided the participants into two groups based on functional impairment as an alternative way to characterize the participants' level of severity. This was done to prevent circularity in defining groups based on their neuropsychological test performance.
The primary aim of the present study was to characterize the factor structure of the ADNI Neuropsychological Battery, and to test its measurement invariance across a range of subjects with varying degrees of disease severity. On the basis of expert opinion, we hypothesized a priori that five distinct factors would emerge from a factor analysis of the ADNI neuropsychological battery representing language, attention, memory, executive function/processing speed, and visuospatial functioning. Further, we hypothesized that the factors would be invariant across two groups with differing levels of clinical dementia severity.
Methods

The Alzheimer's disease neuroimaging initiative
The National Institute on Aging, the National Institute of Biomedical Imaging and Bioengineering, the Food and Drug Administration, private pharmaceutical companies and non-profit organizations launched ADNI in 2003 . The primary goal of ADNI was to test neuroimaging and other biological markers in the progression of MCI and early AD to improve methods in clinical trials for evaluating pathological progression. More than 800 participants, aged 55-90 years, were recruited from 59 sites across the United States and Canada. The data used for the present study, which are freely available to subscribers and continually updated, were downloaded on December 9, 2011.
Participants in the current study
The sample for this current study was comprised of 229 normal controls, 337 patients with MCI, and 193 patients with probable AD. Detailed inclusion and exclusion criteria for ADNI can be found at: (http://www.adniinfo.org/Scientists/ ADNIGrant/ProtocolSummary.aspx). The dataset includes participants between 55-90 years of age who had a study partner able to provide an independent evaluation of functioning and spoke either English or Spanish. Those who were taking specific psychoactive medications were excluded. Additionally, participants were willing and able to undergo all test procedures and agreed to longitudinal follow-up. Further basis for study inclusion and exclusion are as follows: healthy controls had to have an MMSE score between 24 and 30, CDR of 0, were not depressed, and cognitively intact. Mild Cognitive Impairment patients had to have an MMSE score between 24 and 30, CDR of 0.5, subjective memory complaint, objective memory loss as measured by education adjusted scores on Wechsler Memory Scale Logical Memory II, absence of significant levels of impairment in other cognitive domains, and no dementia. Mild Alzheimer's disease: had to have an MMSE score between 20 and 26, CDR of 0.5 or 1; and met National Institute of Neurological and Communicative Diseases and Stroke-Alzheimer's Disease and Related Disorders Association (NINCDS/ADRDA) criteria for probable AD (McKhann et al. 1984) .
Group assignment based on clinical dementia rating scale-sum of boxes (CDR-SOB)
The CDR is a semi-structured interview developed to provide a global rating dementia severity and it is useful for staging and tracking decline in AD (Fillenbaum et al. 1996; Morris 1997; Morris et al. 1997) . The CDR assesses six domains of cognitive and daily functioning (memory, orientation, judgment and problem solving, community affairs, home and hobbies, and personal care). Each domain in the CDR is scored on an ordinal scale (00 no impairment, 0.5 0questionable impairment, 10mild impairment, 20moderate impairment, 30severe impairment), and the ratings are summed to create a global estimate of dementia severity (CDR-sum of box score, possible range 00-18). We performed a median split across all participants based on the global Clinical Dementia Rating Scale-sum of boxes score (CDR-SOB). This created two groups: those who were less functionally impaired and more functionally impaired. Based on the CDR scoring criteria, we chose the global CDR-SOB score of 1.5 as the cut off for inclusion into the "more functionally impaired" group.
We did not test measurement invariance among normal, MCI, and AD diagnostic groups. Correlations among many cognitive test scores in the overall sample were absent in diagnostic-specific groups due to the problem of subsetting on the outcome, which was described earlier. Dividing the sample of older adults with varying degrees of cognitive impairment into groups defined by the CDR is an approach that has been used in other studies (e.g., Jones and Ayers 2006; Hayden et al. 2011 ) and provided just enough overlap to minimize this problem.
Neuropsychological assessment
The ADNI baseline neuropsychological assessment procedures have been previously described elsewhere (Mueller et al. 2005) . Preliminary analysis of the selected neuropsychological tests used in this study, included examination of variable distributions and their intercorrelations. For the confirmatory factor analysis, 23 variables of interest were included and are described below. Attempts to include all available neuropsychological test scores were made and were a priori categorized into five cognitive domains by consensus among a team of neuropsychologists ( Fig. 1) .
Memory ADAS-Cog word recall and recognition test In the word recall task, participants read a list of 10 high-frequency nouns over three trials and were asked to recall as many words as possible after each trial. These immediate recall trials are followed by brief and delayed recall trials and a recognition test. The variables used for this project were delayed recall and recognition memory total number correct. The ADAS-Cog trial sum recall was considered for the present study but not included because ADAS-Cog word recall was poorly correlated with other memory measures, including Rey auditory verbal learning test recall.
Rey auditory verbal learning test (AVLT)
The AVLT is a test of episodic verbal memory that assesses the ability to acquire a list of 15 words over the course of five trials (Rey 1964) . The test includes a short-delay recall trial presented after a distracter list, a 30-min long delay recall trial, and a yes/no recognition trial following the delayed recall trial. A learning score can be calculated from the AVLT using the difference between the last and first immediate recall trials. The variables used for this project were the learning score (trial 5 minus trial 1), short and long delay recall, and recognition.
Language ADAS-Cog naming test
In the Naming test, participants are asked to name twelve objects and the fingers on their dominant hand. The total number of items spontaneously named served as the variable of interest, which was dichotomized into 0 (difficulty) and 1 (no difficulty) due to its non-normal distribution.
Boston naming test The 30-item (odd numbered items) version of the Boston Naming Test was administered to assess confrontation naming ability (Kaplan et al. 1983 ). Participants are presented with a series of line drawings ranging from high to low frequency items and are given 20 s to spontaneously generate the name of the picture. If the participant has perceptual difficulties that preclude them from coming up with the correct answer, they are given a stimulus cue. A phonemic cue is provided when the participant can recognize the purpose of the object, but cannot retrieve the correct name. The variable used in our analysis was the sum of correct spontaneous responses and correct responses following stimulus cues.
Category fluency This is a test of one's ability to spontaneously generate a set of semantically related words in one minute (Harrison et al. 2000) . In two separate one-minute trials, participants were asked to name as many different animals in the first trial, and then as many different fruits as possible in the second.
Attention WMS-R digit span (Wechsler, 1981) The first component of this test is digit span forward, which is a test of verbal attention. Participants read a string of numbers in increasing length and are then asked to repeat them. The second component of this test is digit span backward, which is a test of working memory. During this test, the participants read a string of numbers with increasing length, and are asked to recite the numbers in the reverse order. The variables used were digit span forward and backward length.
Executive function/processing speed
Trail making test The Trail Making Test is comprised of two parts, A and B (Reitan and Wolfson 1985) . Part A is a test of psychomotor processing speed and visual scanning. Participants are presented with an array of numbers on a page and asked to draw lines connecting the numbers in sequential order within the allotted time limit. Part B is a test of psychomotor processing speed, visual scanning, and attentional set-shifting (i.e., executive function). Participants are presented an array of numbers and letters and they are instructed to draw connecting lines while alternating between numbers and letters in sequential order. Time to completion from Part A and Part B minus Part A were used in analyses.
ADAS-Cog number cancellation test
The number cancellation task is a test of visual attention and psychomotor processing speed. Participants are given 45 s to cross out specific numbers mixed in with other numbers on several lines. Total number of correct targets was the variable used for this study. Visuospatial functioning ADAS-Cog construction praxis test The construction praxis test is a test of visuospatial functioning that assesses participants' ability to copy four geometric figures that include a circle, a rhombus, a diamond and a 3-dimensional cube. Total constructional praxis score was used for this study.
Clock drawing test Participants are asked to draw the face of a clock and to "set the hands to ten after eleven." They are scored on the symmetry of number placement, correctness of numbers, the presence of two hands, and hand placement. For the purposes of our study, we used the total clock drawing score.
Statistical analyses
A series of four two-group CFAs were used to evaluate the stability of the factor structure in the ADNI neuropsychological test battery across the less functionally impaired and more functionally impaired participants. Measurement invariance is tested through a series of hierarchical models with progressively stricter constraints placed on the factor structure (Bontempo and Hofer 2007; Borsboom et al. 2008) . Configural invariance tests if the two groups have the same set of factors, and is met by having good fits from a model in which the same common factors exist in each group. In metric invariance, factor loadings, or the slopes relating test scores to their underlying factors, are constrained to be equal across groups to test whether constructs are measured in the same way across groups. The next step is to test scalar or strong invariance, which entails constraining factor loadings and intercepts to be the same across both groups, but allows means of latent factors to vary over group. The intercepts are fixed to be equal across groups because item means, and subsequently factor means, are allowed to vary across the less and more impaired groups. Finally, strict invariance restricts factor loadings, intercepts, and further constrains the residual variances that are constrained to test whether the model explains each indicator equally well across group.
We did not test structural invariance. Structural invariance tests whether the means of the latent variables are similar across group and whether the correlations amongst latent variables are the same across groups. As participants at different levels of cognitive function will most certainly show different levels of a construct such as memory or visuospatial function (e.g., mean differences), and because each cognitive domain is differentially affected by disease processes (e.g., correlations between constructs), we did not expect the cognitive domains to be structurally invariant across levels of clinical severity.
Models were estimated by minimizing the weighted least-squares with mean and variance adjustment (WLSMV) in Mplus software (version 6.11, Muthen and Muthen 2010) . Model fit was evaluated using the root mean square error of approximation (RMSEA; Steiger 1989) and comparative fit index (CFI; Hu and Bentler 1998) which captures the relative goodness of fit. We considered RMSEA below 0.05 and CFI above 0.90 to be indicators of good model fit (Hu and Bentler 1999) , based on previous work studying the measurement invariance of neuropsychological batteries with older adults (Mungas et al. 2011; Pedraza et al. 2005) . Nevertheless, we acknowledge that they are somewhat arbitrary markers along a continuum and that there are other ways to assess model fit. Figure 1 provides a model diagram for the hypothesized factor structure. This factor structure was derived through consensus agreement by a panel of neuropsychological experts in consultation with empirical data distributions. Memory was represented by immediate trial learning, short delay recall, long delay recall, and recognition from the AVLT and by delayed recall and recognition from the ADAS-Cog list-learning task. Correlations among AVLT items were accommodated with methods correlations, which improved model fit by relaxing conditional independence assumptions. Methods correlations are correlations among items from the same test that may not represent meaningful variance of a construct (Garner et al. 1956; Strauss et al. 2000) and across all invariance testing steps for the current project, methods correlations were constrained to be the same across groups. Language ability was measured using animal and vegetable recall from the Verbal Fluency Test, spontaneous recall from the Boston Naming Test, and ADAS-Cog Naming. Similar to memory, a methods correlation accommodated intercorrelations among measures in the Verbal Fluency Test. The construct representing executive function and processing speed was measured using Trails A, Trails B-A, digit symbol coding, and ADAS number cancellation. Scores at or above the ceiling level (2.5 min for Trails A, 5 min for Trails B) were categorized as missing because a respondent's true ability was unobserved (Mueller et al. 2005) . Additionally, ceiling effects can induce spurious correlations (Austin 2003) . The top and bottom 1 % of Trails A scores were winsorized to prevent outliers and voids, which can lead to Heywood cases in factor analysis (Barnett and Lewis 1994; Heywood 1931) . Timed tests (e.g., Trails B-A, Trails A) were converted to z-scores. A summation of errors committed was initially considered as part of the executive function composite, however the resulting variable displayed poor psychometric properties. Attention was indicated by the digit span forward and backward tasks. Visuospatial functioning was indicated by clock copy scores, clock score, and ADAS-Cog construction score. All variables were coded so that higher numbers indicate better performance.
Results
Baseline demographics and neuropsychological performance
The CDR-SOB median split (CDR-SOB01.5) produced 389 participants who were included in the less functionally impaired (CDR-SOB<1.5) and 430 participants in the more clinically impaired group (CDR-SOB>01.5). Demographic information is presented in Table 1 . No cognitively normal individuals were classified as more functionally impaired, conversely, only 1 mild AD patient was included in the less functionally impaired group. Among the MCI participants, 40 % were classified into the less functionally impaired group. Participants were mostly male (58 %) and white (93 %), and the mean age was approximately 75 years. Using Cohen's (1988) criteria, there were trivial to small differences between groups with respect to sex, race, education, and age (Table 1) . As expected, those who were less impaired performed better across all cognitive measures in the CFA model than those who were more functionally impaired (Table 1) .
Confirmatory factor analysis
Results of invariance testing are summarized in Table 2 . The clinical group and type of invariance tested is provided at the top of each column. Fit statistics as well as unstandardized parameter estimates (standardized estimates are in parentheses) for the models are provided in Table 2 . Prior to multiple-group invariance testing, we first estimated a single-group model in the full sample; model fit was excellent (CFI: 0.955; RMSEA: 0.039). Multiple group CFA was used in a series of analyses to evaluate the measurement invariance across both groups. The first model tested configural invariance and the model fit was excellent (RMSEA 0.042; CFI0.941; χ 2 0477.8, df0280), suggesting that the five factor model was shared across groups.
The next model tested the equivalence of factor loadings, which were constrained across group to test metric invariance. Although the relative fit significantly worsened with metric invariance (χ 2 difference 0163.1; df 019; p<.001), the absolute fit was still excellent (RMSEA0.053; CFI0.898; χ 2 0640.8, df0299) ( Table 2 ). Model modification indices revealed the largest source of misfit arose from constraining memory factor loadings, particularly for AVLT short and long delay recall, to be equal across group. When we tested partial metric invariance by allowing short and Raw (standardized) factor loadings are shown. Standardized loadings are correlations between the observed indicator and latent factor. Raw loadings are more appropriate for inter-diagnostic group comparisons, while standardized loadings are most appropriate for intra-diagnostic group comparisons. The difference in degrees of freedom between configural and metric invariance is 19 because 19 factor loadings are constrained to be the same between configural and metric invariance. The difference in degrees of freedom between metric and scalar invariance is 13 because although indicator intercepts are fixed across class (19), we also allowed latent variable means to differ across group (minus 5). The degree of freedom difference between scalar and strict invariance is 18 because we constrained 18 residual variances to be equal across group (there are 18 because ADAS naming was declared categorical and thus has no estimated residual variance). AVLT Auditory Verbal Learning Test; RMSEA root mean squared error; CFI Comparative fit index; df degrees of freedom long delay AVLT recall to vary by group, model fit was similar to the model for configural invariance (RMSEA0.042; CFI0.937; χ 2 0507.4, df0297; versus configural invariance: χ 2 difference029.7, df017, p00.03). In addition, correlations among the factors did not change considerably from the model with configural invariance. Analysis of correlations among cognitive domains suggests that memory and language are the most highly correlated domains (0.70) in the less clinically severe group while the visuospatial and executive/speed were most highly correlated domains (0.90) in the more clinically severe group (Table 3) . Attention was least correlated with other constructs.
Fit statistics for the model testing scalar invariance were good (RMSEA0.051; CFI0.900; χ 2 0645.8, df0 312; χ 2 difference 05.2; df 013; p 0.98). Although the RMSEA was slightly above the cut off of .05 however, there was no significant change between metric to scalar invariance and we considered the fit acceptably close to being excellent. Additionally, rejecting the model of scalar invariance solely on the basis of the RMSEA value would lead to the conclusion that the two models are significantly different, which would be contrary to the actual test comparing the two models. All factor loadings were significantly correlated with their respective factor scores. Additionally, the intercepts as well as factor loadings were constrained to be equal over groups, and the difference in level apparent in cognitive tests in Table 1 could be explained by differences in means of latent factors. The model of scalar invariance produces estimated means for memory (z0−1.71), visuospatial function (z0−0.88), language (z0−1.12), executive function (z 0−1.10), and attention (z 0−0.71) that are each significantly lower in the group with more clinical impairment than those with less clinical impairment, for which means were constrained to be 0. Despite clear differences in mean levels of observed indicators across groups evident in Table 1 , we observed scalar invariance because allowing for differences in means of the latent constructs was able to account for differences in level. In other words, although all test scores were lower in the more impaired group, no test was differentially lower relative to other tests, so that a difference in the latent variable mean was able to account for test differences. Thus, scalar invariance was upheld.
The test of strict invariance assessed whether the same factor loadings, intercepts, and residual variances were equivalent across the less and more clinically significantly impaired groups, and the overall model fit for strict invariance remained moderate (RMSEA0.059; CFI0.859; χ 2 0802.632, df0330). However, compared to the model testing scalar invariance, the RMSEA and CFI for the fourth model fell outside of the predefined limits as indicated by a nested χ 2 test with significantly worse relative fit (χ 2 difference0156.8, df018, p<0.001) and suggests that residual variation in cognitive tests differs across levels of impairment. Taken together, these results indicate that configural, metric, and scalar invariance, but not strict invariance were met for the CFA across levels of impairment.
Discussion
The present study tested the measurement invariance of the ADNI Neuropsychological Battery variables across two discrete levels of functional impairment in older adults with cognitive impairment. In summary, the resulting CFA in this study confirmed the emergence of five dimensions in the ADNI battery (i.e. memory, visuospatial functioning, attention, executive function/processing speed, and language), and the findings are consistent with other CFA studies of neuropsychological test batteries in older adults (Dowling et al. 2010; Hayden et al. 2011; Pedraza et al. 2005; Tuokko et al. 2009; Siedlecki et al. 2008) . These factors and the latent structure of the five cognitive constructs were invariant across the spectrum of cognitive ability which ranges from normal aging to dementia. In our study, there were significant differences in the average levels of performance among cognitively normal individuals, MCI, and AD; however, the results from the CFA indicates that cognition is organized in the same way across the range of impairment present in these groups. As such, the summary scores generated from these factors can be used as descriptive markers of cognitive decline and subsequently, disease progression in ADNI participants.
The results of our models indicated that configural, metric, scalar, but not strict measurement invariance were met. 
Less impaired group (n0389) The lack of strict measurement invariance suggests that the amount of unexplained residual variance, or error variance, in some cognitive tests varies as a function of functional severity. Thus, some tests may describe performance in one population better than in another. Post-hoc inspections of residual variances in the different groups revealed that, in general, levels of unexplained variability in memory, language, and attention items were greater in the less functionally impaired group than in the more functionally impaired group. The opposite pattern was found for visuospatial and executive functioning/processing speed items. This pattern of findings suggests some cognitive tests may provide more useful information about their respective domains in certain subgroups than in other groups. The focus of ADNI is to identify early clinical and biological markers of AD and as such, the neuropsychological battery emphasizes a comprehensive memory assessment by utilizing several different measures of learning and recall. Although memory performance is often used as an outcome measure in studies of neurodegenerative disease, other domains such as executive function are also useful markers of progression to dementia (Drijgers et al. 2011; Pereira et al. 2008; Rozzini et al. 2007 ). Executive functioning is a common term that encompasses a wide variety of higher-order abilities that include problem-solving, setshifting, generation, and rule-monitoring (Alvarez and Emory 2006) , that can be measured by a variety of different paradigms. Indicators from the Trail Making Test were included in the final CFA model to serve as measures of executive functioning. Given the limited number of executive function measures in the ADNI battery, we also considered including verbal fluency in this domain since other studies have found this test to load with other executive function measures (Mungas et al. 2011) . However, the correlation matrix in the current study indicates that verbal fluency was most highly correlated with language and memory, which has also been shown in other studies (Siedlecki et al. 2008) .
Several limitations to the current results are worth noting. First, as Petersen and colleagues (2010) acknowledge, ADNI participants were selected to resemble a clinical trial sample, and study recruitment efforts focused on persons at risk for memory decline and prodromal AD. Thus, results may not generalize to impairment in non-Alzheimer's dementias and more severely impaired AD samples. Similarly, this study's findings may not generalize to community-living populations of older adults with more diverse ethnic, language, and educational backgrounds. A further limitation of our study is that the measurement invariance of constructs across levels of clinical impairment may not generalize to constructs or cognitive tests that were not part of the ADNI neuropsychological battery. It is possible that other test variables would not be invariant. Third, we report in this study measurement invariance of one factor structure that we hypothesized a priori. Consideration of competing models in future work is needed to provide stronger support for the findings. However, we note that our findings with respect to measurement invariance are consistent with findings from other studies (Dowling et al. 2010; Hayden et al. 2011; Pedraza et al. 2005; Tuokko et al. 2009; Siedlecki et al. 2008) .
In summary, the findings from this current study demonstrate that the ADNI Neuropsychological Battery can be summarized into distinct cognitive domains that are stable across levels of functional impairment in older adults who are cognitively normal or diagnosed with MCI or AD. Although the current study divided the sample into two groups based on the participants' functional impairment, there is utility in studying the measurement invariance of these factors in diagnostic groups created by neuropsychological tests that are different from those used in the CFA. Investigating the relationships among these factor scores and other biomarkers of AD in ADNI could yield more meaningful relationships than individual cognitive tests or summary scores. In addition, studying the measurement invariance of the ADNI Neuropsychological Battery across time and disease progression has yet to be explored. Testing measurement invariance of the ADNI Neuropsychological Battery over time might enable summary scores to be used as surrogate markers of AD pathology in future studies with ADNI participants.
